Abstract-To investigate the ability of oxygen release from roots of different vegetation, and explain the mechanism. This paper tested the variation of oxygen release rate from roots of Thalia and Pontederia using a titanium (Ш) citrate buffer. The results shows that oxygen release rates with the same condition were higher for Thalia. This difference is caused by the special structure of Thalia. The aerenchyma of Thalia is good at the oxygen transport. The results of this paper can help us to choose better vegetation species for wastewater treatment.
I. INTRODUCTION
Constructed wetlands (CWs) are artificial wetlands which are designed and constructed to manipulate the natural processes to treat wastewater [1] . Macrophytes play several roles in engineered ecosystems helping to stabilize the surface of the beds, provide good conditions for physical filtration and insulate the surface against coldness [2] [3] [4] . Organic matter production and plant uptake of nutrients as well as root-zone oxygen and organic carbon release were identified as key factors influencing nutrient transformation and sequestration in low-loaded systems [3] [4] [5] . A recent innovation in horizontal sub-surface flow CWs has been the inclusion of forced aeration to promote aerobic conditions and ammonia removal [6] [7] [8] . This has proved successful in the US [9] and testing is producing successful results in the UK [10] and Europe [11] . However, little was known about the ability of oxygen release from roots with different species. And the reason of the difference is still unclear. This paper aims to test the ability of oxygen release from roots of different vegetation, and explain the mechanism. It can help us to optimize the operation of wetland systems.
II. MATERIALS AND METHODS

A. Experimental Materials and Procedures
Young Thalia dealbata and Pontederia cordata were collected from a natural wetland located in Xuanwu Lake, Nanjing. After collection, the plants were transplanted to individual plastic pots filled with respective nutrient solutions (self-made nutrient solutions with average concentrations of COD and TN of 50mg/L and 15mg/L, respectively) for three weeks before sowing. The plants were removed from the pots and their roots were gently washed free of debris twelve hours before experiments. The plants (Thalia dealbata) had 20-80 adventitious roots which varied in length from 15-64cm and were up to 0.121±0.013cm (n=96) in diameter. Their height of above-ground was 65-80cm. And the plants (Pontederia cordata) had 34-95 adventitious roots which varied in length from 12-38cm and were up to 0.108±0.036cm (n=126) in diameter. Their height of above-ground was 52-75cm. Oxygen release from the roots was examined using a non-phytotoxic titanium (Ш) citrate buffer, which allows root oxygen release measurements in a reducing, oxygenscavenging solution with a low redox potential [12, 13] . The 1000mL jar was initially filled with 900mL distilled water, and the water was then sparged with N 2 gas for 60 min to remove any oxygen dissolved in the water. Sparging with N 2 gas was continued while titanium (Ш) citrate stock solution (made by 0.2249g citric acid and 8mL TiCl 3 ) were added. The basal part of the shoot was wrapped with tinfoil to prevent the oil from infiltrating the aerenchyma. The stirring from the sparging was necessary for complete mixing. The roots of plants were submerged in the solution. A 5mm thick layer of paraffin oil was placed on top of the solution to prevent re-aeration from the atmosphere. It ensured that the roots were the only possible source of oxygen entry into the chamber. The root chamber was shielded from light using a tight-fitting tinfoil cover. Blank jars without plants were also prepared in similar way to serve as negative control. 
B. Sampling and Analytical Methods
Since the oxygen released from the roots was oxidized by Ti 3+ in titanium (Ш) citrate buffer, rates of root oxygen release could be calculated from the rate of decrease in the concentration of Ti 3+ in the jars. As the brown titanium (Ш) citrate solution gradually became clear during oxidation, the samples were taken every 1 hour using a small syringe and the absorbance at 527nm was measured immediately using a spectrophotometer. The absorbances of the samples were compared to those of solutions with a known concentration of Ti
3+
. At the same time, the light intensity, temperature and humidity were examined. The relation of Ti 3+ and O 2 is described in the Eq. (1). It is seen that 1mol O 2 is consumed when 4mol Ti 3+ were reduced. The oxygen consumption (∆O 2 , mg) is thus calculated using Eq. (2). Thereafter, the root oxygen release rate (V O , μmolg -1 h -1 ) could be calculated using Eq. (3).
Where V is the volume of titanium (Ш) citrate buffer, 0.9L. C 0 , C e are the initial and end Ti 3+ concentration, respectively. In all three experiments, the start and end times of oxygen release were closely related to light. The maximum oxygen release rate (256.5-325.7 μmolg -1 h -1 and 154.6-285.6 μmolg -1 h -1 for Thalia and Pontederia respectively) was observed during the daytime at 15:00 hrs, while the maximum light intensity was observed at 13:00 hrs. The maximum value of PAR ranged from 1068.9 to 1316.9 mmolm -2 s -1 . Clearly, the peak of root oxygen release occurred after the peak of light intensity.
We show that rate of oxygen release depends largely on light intensity and exhibits a diurnal periodicity. Variations in oxygen release and light intensity follow unimodal patterns during the daytime and can be accurately described by the Gaussian function.
We can use of light intensity data in prediction of the quantity of oxygen likely to be released using Gaussian function [15] , which is in the form of follows:
Where t is time (4:00am~20:00pm); a (in Gaussian function) is the maximum value of oxygen release rate in a whole day; t Omax is the location of the symmetry axis in Gaussian function; c expresses the gradient of Gaussian function. Decrease in c is relative to steep Gaussian function while increase in c is relative to gentle Gaussian function.
Light intensity data during daytime (4:00am-20:00pm) also follow Gaussian function, it can be described as:
Where PAR is the photosynthetically active radiation, μmol·m -2 ·s -1 ; t is time; b is the peak value of PAR in a whole day; and d is the gradient of unimodal.
For Thalia system, the relationship between parameters a and b, c and d are as follows: Table II . Then, the root oxygen release rate was predicted and jointly illustrated in Fig. 4 . The results reveal that our model data closely match our experimental values. The oxygen release rate increased exponentially with increased PAR. And the oxygen release rates with the same condition were higher for Thalia. Because its parameter "a", which means the maximum value of oxygen release rates in one day-night, was higher. This difference is caused by the special structure Research, volume 3 of Thalia. Oxygen is produced through photosynthesis, and oxygen transport from the sections of the plant above the ground through the rhizome into the fine roots is effected by specific areas of tissue formed in the plant known as the aerenchyma. The aerenchyma of Thalia is good at the oxygen transport. 
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IV. CONCLUSIONS
The results reveal that oxygen release rates with the same condition were higher for Thalia. Firstly, oxygen release rate increased exponentially with increased PAR in both of the two systems. However, the rates of oxygen released from roots were higher for Thalia than Pontederia all the time. And than the parameter "a" for Thalia was higher. This difference is caused by the special structure of Thalia. The aerenchyma of Thalia is good at the oxygen transport. The results of this paper can help us to choose better vegetation species for wastewater treatment. 
